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FOREWORD

The essential difference between this revision and the
precedi ng issue of the standard ist hat both the intersystem and
Intrasystemrequirenents are stated nore explicitly. It1Is
structured to enable use of the DOD |Intrasystem Anal ysis
Program Mdifications to ML-STD. 461 have been mininmized. New
requi renents have been added to provide for control of vehicle
power system transients, the effects of conposite vehicles, plus

the potential intersysteminterference due to spectral and
orbital congestion.
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SECTIOR 1
SCOPE

1.1 PURPOSE

This standard establishes the el ectromagnetic conpatibility
requirements for space systens, including frequency nanagenent,
andthe related requirenments for the electrical and electronic
equi pment used in space systenms. It also includes requirenents
designed to establish an effective ground reference for the
installed equi pnent and designed to inhibit adverse
electrostatic effects. The purposes of this standard are:

a. To define m ninum perfornmance requirements for
el ectromagnetic conpatibility.

b. To identify the systemrelationships pertinent to
el ectromagnetic conpatibility.

C. To identify requirements for system and equi pnent
engi neering designed to enabl e achieving
compatibility in a tinely, predictable, and
econom cal nmanner.

d. To define requirements for equi pment and system
tests and anal yses to denonstrate conpliance with
this standard.

1.2 APPLICABILITY

The requirenents covered by this standard apply to | aunch
and space vehicles plus the associated ground, airborne, or
spaceborne operational and support elenments of the space
system It applies to.new and nodified or redesigned equi pnent
or systems, and to existing equipnent used in new aﬁplicatlons
Equi pment requirenents are separately stated for vehicle and
ground applications. Provisions for program peculiar
conpati bility requirenments enable its use for systens which were
originally devel oped and qualified to conformto other simlar
standards. This standard does not apply to the facilities which
house the ground systen1$e?nents of space systens (see
M L- STD- 1542) . Further information on the application of this
standard is given in Appendix A
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SECTION 2

REFERERCED DOCUMENTS

2.1 QQVERNVENT DOCUMENTS

2.1.1 Specifications. Standards, and Handbook& Unless
otherwi se specified, the follow ng specifications, standards, and
handbooks of the issue |listed in that issue of the Departnent of
Def ense I ndex of Specifications and Standards (DCDISSE specified

inthe solicitation forma part of this standard to the extent
specified herein.

SPECXFI CATI ONS

M L- B- 5087 Bondi ng, Electrical and Lightning
Protection for Aerospace Systens

DOD- W 83575 (USAF) Wring Harness, Space Vehicle, Design and

Testing
STANDARDS

M L- STD- 449 Radi o Frequency Spectrum Characteristics,
Measur enent of

M L- STD- 461 El ectronmagnetic Em ssion and
Susceptibility Requirements for the
Control of Electromagnetic Interference

M L- STD- 462 El ectromagnetic Interference
Characteristics, Measurenent of

M L- STD- 463 Definitions and System of Units

El ectromagnetic Interference and
El ectromagnetic Conpatibility Technol ogy

MIL-STD-1539 (USAF) El ectrical Power, Direct Current, Space
Vehi cl e Design Requirenents

M L- STD- 1757 Li ghtning Qualification Test Techni ques
for Aerospace Vehicles and Hardware

(Copi es of specifications, standards, drawi ngs, and .
publications required by suppliers in connection"wth specific
procurenent functions shoul d be obtained fromthe contracting
activity or as directed by the contracting officer.)

3
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2.1.2 vernm n Drawin n 1i ions.
The following other Government documents, drawings, and
publications form a part of this standard to the extent specified
harain
MO LT ALide

NATIONAL TELECOMMUNICATIONS AND INFORMATION ADMINISTRATION, U.S
DEPARTMENT OF COMMERCE

NTIA Manual Maqual of Regulations and Procedures for
Federal Radio Frequency Management

(Application for copies should be addressed to Superintendent
of Documents, U. S. Government Printing Office, Washington, D. C.
20402.)
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

NASA CR-135259 NASCAP Users Manual

NASA TP2361 Design Guidelines for Assessing and

Controlling Spacecraft Charging Effects

(Application for copies should be addressed to the NASA
IndustTrial Application Center/USC, 3716 South Hope St. #200, Los
Angeles, CA 80007.)}

A 4

2.2 OTHER PUBLICATIORS.

The following documents form a part of this standard to the

extent specified herein. Unless otherwise specified the issues
of the documents which are DOD doptec shall be those listed in
the issue of the DODISS specified in the solicitation. The
issues of documents which bave not been adopted shall be those in

AMERICAN NATIONAL STANDARDS INSTITUTE

a ay

VY LT YTITITH (ads 2l
ANODL/ LEELE-D LU~

1

100 IEEE
and

(Application for copies should be addressed to Americ
National Standards Institute, 1430 Broadway, New York, NY 10018)

RAND CORPORATION
_2ANAL_AT Ma~hwms ~Arve e Emer delam A om Tecos o ~ L M 1 1
=av30—Al dcliliigues LUL Lie AlldlYS1S 0 opectrail
and Orhital Caonaec+inn in Gnars Quebams
WMo WaMA VUL WHLUYTLLD LAV 4l WDPpPALVE wDYQ ULTIUD
(DTIC # ADA140841)

(Application for copies should be addressed to the Defense
Technical Information Center, DTIC-FDR, Cameron Station,
Alexandria, VA 22304-6145.)

o
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and the references cited herein, the text of this standard shall
take precedence. Nothing in this standard, however, shall

supersede applicable laws and regulations unless a specific
exemption has been obtained from the acquisition activity.
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SECTION 3
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An anomaly is a response of the system to extraneous

conducted or radiated electromagnetic energy that involves
degradation of the intended input-output relationship, by an
amount and for a time duration, which is not explicitly
permitted by the item specification or pro ovided for in the
appllcable error budget. An anomaly is also known as an

A component is a functional unit that is viewed as an entity
for purposes of analysis, manufacturing, maintenance, or record
keeping. Examples are hydraulic actuators, valves, batteries,

electr1ca1 harnesses, and 1nd1v1dual electronic boxes such as
transmitters, receivers, or multiplexers.

P e Yat e th o v art sy ]

3.3 EQUIPMENI
Equipment is a general term, as used in this standard, to

-3
denote electrical and electronic components or combinations of

several interconnected components. In some cases this may be a
subsystem.

a v rvvrRAR

3.4

Item is a nonspecific term used to denote any unit of
product that may be applicable, including a system, vehicle,
subsystem, component, subassembly, part, or material.

- = c———smEe cerwwwe s

3.5 LAUNCH VEHICLE

A launch vehicle is a composite of the initial stages,
injection stages, space vehicle adapter, and fairing having the
capablllty of launching and injection of a space vehicle or

“vehicles into orbit.

~
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3.6 PORT

A port is a place of accesstoa device or network where
energy may be supplied or withdrawn or where the device or
network variables nmay be observed or neasured.

3.7 RESISTIVITY, SURFACE

Surface resistivity is the resistance of a unit |ength and

ugit width of a thin conductive film measured between parallel
edges.

3.8 RESISTIVITY, VOLUME

Vol une resistivity is the resistance in ohmcentineter of a

one centineter cube of a material, neasured between paralle
faces.

3.9 SAFETY MARGIN, POJIRT

The_gpint safety margin is the ratio of the receptor's
susceptibility threshold to the |evel of the interfering
em ssions, evaluated at a single frequency.

3.10 SAFETY MARGIN. INTEGRATED

~ The integrated safety nar%in is the reciprocal of the
integral of the ratio or of the square of the ratio of the |evel
of interfering emssions to the receptor's susceptibility

threshol d, eval uated over the frequency range occupi ed by the
interfering em ssions.

3.11 SPACE VEHICLE

A space vehicle is a conplete, integrated set of subsystens
and conmponents capabl e of squorting an operational role in
space. A space vehicle may be an orbiting vehicle, a najor
portion of an orbiting vehicle, ora payload which perforns its
m ssion while attached to a recoverable |aunch vehicle. The
ai rborne support eqU|Pnent which is Pecpllar to prograns
utilizing a recoverable |launch vehicle is considered a part of
the space vehicle being carried by the l[aunch vehicle.

3.12 SYSTEM

A system is the composite of equipment, skills, and
techniques capable of performing or supporting an operational
role. A system includes all operational equipment, related
facilities, material, software, services, and personnel required
for its operation. Examples of systems that include space

8



vehicles as a major subtier element are launch systems and
on-orbit systems.

3 . 13 vﬂ!'?f"l’ =
The term vehicle is used without modifiers to denote both
launch and space vehicles; it does not pertain to ground

vehicles. For applications pertaining only to launch vehicles,
or only to space vehicles, the appropriate modifier is included.
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SECTI ON .4

GENERAL REQUIREMENTS

4.1 ELECTROVAGNETI C COMPATIBILITY

Systens shall be conpatible with defined safety margins.
Systens shall be free of overstress and anonalies caused by
elther intentional or extraneous el ectromagnetic energy, whether
originating within or outside the system from man-nade or natural
sources, subject to the limtations defined in this standard (4.2
and 4.3). Energy originating within a systemshall be controlled
as necessary to secure a conpatible system  Extraneous energy
emanating.-from a system shall be controlled to the extent needed
to.be conpatible with the operation of other related or unrel ated

systens. Conpatibility is required for all operating nodes and
m ssi on phases.

4.2  ELECTROVAGNETI C ENVIRONMENT

~Systens shall be conpatible with respect to all defined
environments to which they are intended to be exposed. For
..nkéclesn’ t\n nalunRAaa &hn 35533“"1"

. .
<« ~
veiil nNi1% IGCLluUugGes The Wiy, test, Stcrage,

transportation, prelaunch preparation, and operational phases.
Consi deration shall be given to the operational radiated
environment from both friendly and hostile emtters which the
system may encounter during its life cycle.

4.3 INTERSYSTEM COVPATIBILITY .

Al'l conductive and radiative interfaces between systens shal |
be conpatible, independently of whether the interfaces are
intentional or incidental, and whether the systens are related or
unrelated. Radio frequency receiving and transmtting subsystens
are regarded as conformng if the frequency managenent and
equi pnent requirements of this standard are satisfied.

4.4 FREQUENCY MANAGEMENT

System and equi prent em ssion and susceptibility
characteristics shall conform to established international,
national, and mlitary frequency nanagenent requirenments,
standards, procedures and policies to ensure that the systens
nei t her causes nor receives harnful interference to or from other
aut hori zed spectrum users when placed in their intended
operational environnent. Frequency bands used shall conformto
those allocated to the applicable radio service.

11
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4.5 INTRASYSTEM COMDATTRILITY
2.2 4D wlwsans: \UMPALISLLLLL

. S A ANed

The equipment composing a system shall be compatible at all
conductive and radiative interfaces, independently of whether the
interfaces are intentional or incidental.

4.6 LIGHTNING

Vehicle and equipment designs shall prevent overstress or
damage induced by a lightning strike to the nearest facility
lightning protective device, by a lightning strike just outside
the zone of protection, or by a lightning strike near or above
underground cables which are a part of the system. '

4.7 TRIBQELECTRIC CHARGING

Disturbances in the performance of launch v vehicles, which may
arise from electrostatic charging of external surfaces by impact
of atmospheric particles and which may lead to corona or streamer
discharges and sparking, shall be prevented by bonding all
conductive parts and by controlling the charge accumulation on
external dielectric surfaces.

4.8 MAGNETOSPHERIC CHARGING

Disturbances in the performance of space vehicles, which may
arise from differential charging of external surfaces and
internal components by space plasma and which may lead to
electrical discharges, shall be minimized by bonding all

conductive parts and by controlllng the charge accumulation on
external dielectric surfaces and in bulk dielectrics.

o] TV PrYTDALIA FYTTSIT IS AALTYA TN vy
>4

. Lodels hiatig 1LlD 1 CRITICAI TE RI
System and equipment ﬁns*gns shall provide electromagnetic
interference safety margins in accordance with the worst case
potential criticality of the effects of interference induced
anomalies. The following categorles shall be used: :

a. Category I: Serious injury or loss of life,
damage to property, or major loss or
delay of mission capability

b. Category II: Degradation of mission capabilitvy

CepalilllY,

including any loss of autonomous
operational capability

oss of functions not essential to
issio

c Category

-
-
-
gt

7]
=]
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4.11.2 Intrasystem Analysis. Electromagnet

compatibility calculations entail finding the peak response of
the potentially susceptible circuits in the time domain to

several or more extraneous emissions which may be coupled through
one or more transfer functions. For steady state conditions,

analyses based on the direct and inverse Fourier transforms, plus

@
s
0

the convolution theorem, are appropriate and shall be used.
Fitrhar amnli+nde Ar nAawar cﬂnn*r:" Aanecd v FiinrbtinAane may ha
ot e e hAN UIIIH-LL w ANAC, N rUWCL - - A wdidd & hJ A VA L AL awa AT
used. (See Appendix A for suitable and well documented analysis
programs. )

4.11.2.1 Fr n n i main. Steady state

emissions shall be stated in the frequency domain for the same
frequency ranges as for the corresponding requirements of

rr A mem ommdae LI T lee Llham mbmmemd e MNememae V1T edimzmee T o= D
Milil—0OlL—401 ad H0UllLlCcU uy LCillo »dldaliuaiu, VollililialOly 104Q
cwitrhing Franciente chall he Aefinad in hath +ha +ime and
[S 0 ¢ 9 b\-ll.l.lls ik Qlldo A wildww AL e b ad b de e bAoA = 33 AINT A i Lo YY1 — QaidA
frequency domain; nonoscillatory transients may be defined only
in the time domain.
4.11.2.2 Reference Requirements. The evaluation shall
include all the emission and susceptibility requirements
specified in MIL-STD-461, as modified by this standard, for the
~lacncnas Af amssrmmand mAayryr AAanelIAarakian T+ eehAald Srm~aTl1vRAa
“CiaooCoO Vi C\iu.&.yuncu\. VYUIUT L WWiIlo AWUT LA LLWiL. 4 L Sila L 4 LdlL L ue Liie
applicable technical standards specified in the NTIA manual.
4.11.2.3 Interference Coupling Modes. The analyses shall
incorporate mathematical models to account for the following:
a. Transverse and common-mode effects in si gnal and
power circuits, including the effects of power
socurce voltage ripple.

b. Coupling between circuits in interconnecting cables.

c. Bilateral coupling between the system antennas and
circuits in interconnecting cables.

N2V ede ceaemn?  cmmasem VT<emm Imidecomm maen llen mermi men mend o oamem o
a. Dlialeldal COUPLIIY UESlLweell Liie DdyoLeEill a lcelllldb ’

hotwaan fha anmminmmoent anrlaocuirac and hat+waas

A WIWC Wil wAd A Ll UL A AV Al Wl g Bisna L AR VR L AP ¢ 3

antennas and enclosures.

4.11.2.4 Susceptibility Requirements. Susceptibility
requirements shall be shown to be sufficient to provide the
required 1ntegrated safety marglns for the appllcable trequency

b ]

range and point safety margins at all frequencies in that range.
4.11.2.5 Simplifications. Circuits within an

interconnecting cable may be represented by only one of each

distinct signal classification, as determined by similarity of

signal characteristics and the terminations.

14
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4.11.3 n Emi ssion
and susciftibilit regukenmnﬁs for signal and control circuits
shall be developed and specified as program peculiar limits.
Val ues suitable for the signal levels and impedances
characteristic of the applicable circuits shall be established.

4.11.4 Lightning Analysis. Susceptiblity to |ightning and
l'ightning protection shall be addressed in the analysis.

4.11.5 Magnetospheric Charging Analysis. Magnet ospheric
charging susceptibility and protection shall be addressed in the
anal ysis. The program described in NASA CR-135259 shal | be
used. NASA TP2361 shall be used as a guide in determning
applicable design requirenments.

4,11.6 Triboelectric Charging Analysis. For launch
vehicles, triboelectric charging shall be addressed.

4.12 NONSTANDARD LI M TS

Changes in the detailed enission and susceptibility limts of
this standard shall be justified by analysis.

4,13 CONSOLIDATED EQUIPMENT REQUIREMENTS

A single set of conpatibility requirenments shall be

established for each equipment. ~If rmore than one set is needed

e.g., for items which operate only in orbit, as contrasted with
those which al so operate in the |launch and ascent environnent),
the differences shall be covered by a special classificatjon
method simlar to that used in ML-STD-461, Emssion and
susceptibility requirements shall be stated 'directlg and
explicitly. Susceptibility requirenents shall not be specified
indirectly in terns of an operating environnent.

4.14 EXILSTI NG DESI GNS AND MODIFICATIONS

To the extent they are conplete and suitable, prior analyses
and test data shall be used to satisfy the requirenents of this
standard for new applications or nodifications of existing
itens. The additional system and conponent anal yses and tests
shall be centered on defining simlarities and differences and
eval uating conpatibility for the new situation.

4.15 GOVERNMENT FURN SHED EQUIPMENT

The system em ssion and susceptibility characteristics shal

be such that conpatibility, with safety nar in%, Is secured if
the government furnished equi pment satisfieS the requirements of

MIL-STD-461 as suppl emented and nodified by the equi pnent
15



requirements of this standard (5.3). If the primary system
performance requirements depend on having more restrictive
requlrements or if the government furnished equipment does not

conform to this standard, the contractor shall advise the
Government indicating the system impact of such deficiencies and
the recommended remedial steps for establishing compatibility.

[
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5.1 INTERSYOTEM REQUIREMENTS
Mhnr ccrobam ohall mcmfacm A bhso cbomdarde amA cmrcs? o e Lo L&
i€ dYolrtil Siiall LulilulLil LU Lig sdlLallLalls alllu Lequ I'enmerits oI
+ha NTTA maniial nert+taininag +0 the narfoarmance rharameraric+imss
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listed in Table I. Relaxation of these requirements is subject
to special restrictions (Appendix A, 50.4.1).
5.2 YVEHICLE REQUIREMENTS
5.2.1 Structural Materials. The requirements of this
clm A cammn amemlimokls mAdamondandtly AL wrhabbas 2bha csabkd <1~
Tanddrd are appiiCdalie inidependenctly Or wnectner tne venicle
etrrurtiira ie ~ramnased nf condurtive. caamicanductiva nr
e de WA W WA W e \—vlnrvuvu N W BACA VAN b VT g ”U“l-ﬁ\-‘vl‘uuvb"u' A
nonconductive materials.
5.2.2 ical n rk. The conductive and

semiconductive parts of vehicle structures and component

enclosures shall be ELGCtrlcally connected to form a vehicle

ground network (potential reference). These conductive
connections may be provided by separate bonding conductors or by
the bundle shields for interconnecting cables. A suitable
terminal shall be provided for connection to the facility ground
network during assembly and test activities.

5.2.3 El 1 Pow Subs Ref ncing. The return
or neutral conductor of each isoclated segment of the power
subsystem shall be conductively connected to the ground network
so as to contrel the differential voltage between the circuits

and metallic elements of the vehicle. Primary power circuits
shall be so connected near the source. The connection location
for secondary power shall be selected so as to minimize
common-mode effects on signal circuits.
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rm to the reaulrements for Class R of MIL-B-508
Conductlve films on dielectric materials (such as thermal
blankets) shall be bonded to the ground network with a resistance
equal or less than 10 ohms. Bonding resistance between the
conductlve and semiconductive items of the vehicle system
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5.2.5 Lightning Protection. Vehicles shall satisfy the
lightning requirement (4.6) when exposed to a lightning current
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TABLE |. Performance Requirenments Relating to Communications
by Satellites
NTI A Manual
Subj ect Par agr aph
Definitions 6.1 & 8.3.2
Frequency Bands 4.1
Spurious emissions and frequency tol erances 5.2.3
Control of enission from space-stations 8.2.32
Power flux density linmits 8.2.36
St'ation keeping of space-stations 8.2.38
Pointing accuracy of antenna on 8.2.39
geostationary-satellites
Selection of sites and frequencies for 8.2.33
earth-stations
M ni num angl e of earth-station antenna 8.2.35
el evation
Earth-station antenna performance standards | 8.2.36.4
Power and direction of maximum radiation 8.2.35
of earth stations
Eart h-station coordination 8.4.13
Satellite network coordination 8.4.14
Frequenc% assi gnnents to transportabl e 8.2.43
earth-station
Intra-mlitary coordination of frequency 8.4.5
appl i cations
Basi ¢ coordination arrangement between 8.4.1

the IRAC and the FCC

18
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5.2.10 EI rical Pow Quality.
Tlambtramal smarcene ~alsSdker armemlias A lall A o3 TA Y L5 o
picCuiliCadds pOwEl {JuUallly appilied L0 DOTIO AL 4dand DU electrical
naower subsvstemsg Far DC +he vehicla chall ~anfarm +A
pyywo L =R A3 U= B Rt LI ) PR R S Yoy (SR 2 L = Vwildbawado DG4 4 LUMILUVLIL LU
MIL-STD-1539 as modified by this standard.
5.2.10.1 UVoltage Ripple. At any distribution point for a

DC electrical power subsystem, the total source generated and
load induced ripple, 1nc1udlng repetitive spikes, shall not
pea

exceed 500 millivolts -to-peak as measured in the time domain.

5.2.10.2 Spikes. Short duration {less than 50
microseconds) aperiodic transients and short duration components
of long-duration aperiodic transients shall be limited to a peak
value less than three times the nominal load voltage and an
impulse strength less than 0.14 x 1073 volt-seconds.

| =g "~ TN ie [ el R Ty | » VPR S VL - e - e w2 oo wmam Y b o osmm  smee am e m oam

DQedoo LU .S LUIYCS . rositctive alll leyatlve voluidyge SuUilges
cehall Aoarav +tn wirhin et+eadv.ctates 1imite in loce +han & ank 10N
[S R Y A& U S & \A(—‘-«ul L VY de o bhd debd JHUHUJ e e A\ he e A N WP LY e s P WD wadilldiid -t Qiid -—
milliseconds, respectively.

5.2.10.4 L witchin nd L Faults. Exclusive of
spikes, the instantaneous surge amplitude produced at the main
distribution point by load sw1tcn1ng and the cxearlng of faults
within connected loads shall remain between 65 and 130 percent of
+ha nAaminal TAaad vnl+ama Tha TnctantFananntie cnnraa amnli+nAa
il AAVJAMLA LA G 4 AW G VV-LL.UsC. P Y= i UMl LUAALIOWV LAWY OULEC DAIIPL-LL.UUC
produced at the output of a branch circuit supplying two or more
loads, by the clearing of faults within one of those loads, shall
remain between 0 and 175 percent of the nominal load voltage.

5.2.10.5 Power Subsystem Faults. Exclusive of spikes, the
instantaneous surge amplitude produced at any distribution point
Aurrana fanlée wirhin +ho alart+rical nonwer cennhevotram chall ramain
AL .Lll\’ > QWL LI Ao JE N SY P A AP P Y LML CAC U LA AU L EUWK,— O\AUJIDLGIII welQ 4 A A~ Tia 4L 1L
between 0 and 175 percent of the nominal load voltage.
5.3 EQUY RT

5.3.1 NTIA R irements. The equipment shall conform to
the standards and requirements of the NTIA manual pertainlng to
Fha marfAawmmanm~a ~havrambiartcbim~e Tig+ad Iin TaRla T DalawadbiAn ~F
Ll peElilUullilgllLT LillaiadactilTidotllivco Ldiolecu 4id LdQiJiTS L. [NClaasaal iUl UL
these reguirements is subject to special restrictions (Appendizx
A, 50.4.1).

5.3.2 round Equi nt.

5.3.2.1 Interf Saf Margins. The characteristics of
L laom emoam ook e P P - T massen b ~ - Pl e Ty R Pan " B | L NN PRE TP Oy ~
cile gxounu Segiients vl 1dauliCil callu Spdadle SyoiiElld dSllall DE SUCIL ao
A viall a2lartramannotricrally camnatrinla narfarmance Safatv
“w JJ-C.LU CaATLULLVINGWMC VAW U 4 a4y Rl A B PYeiriviiniivwo e (A= R P
margins shall be established at all mission critical interfaces
between space vehicles and ground eguipment.
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5.3.2.2 Ground Power Sources. The power output circuit of
ground sources for vehicle power shall be isclated from the power
input circuit, control circuits, and the equipment enclosure by
an insulation resistance of at least 1 megohm.

5.3.2.3 Performan riteria. The requirements of

MIL-STD-461 shall be used to establish performance criteria and

for design guidance. The applicable parts of MIL-STD-461 are as
follows:

a Clace
N &b o oD

w

round facilit

=0

A es: Parts

1
3
(o
b

b. Class B ; support equipment: Parts 1 and 7

c. Class C2; power equipment: Parts 1 and 8
5.3.3 Vehicle Equipment. Vehicle equipment shall conform
to Parts 1 and 3 of MIL-STD-461 except as supplemented and
modified by this standard.
5.3.3.1 Inm nden From n ive Vehicl r res.
Subsystems and equipment shall satlsfy the requlrements of this
standard when operating with a grouna net work consisting only of
iy Ny wna rmarke AF Fha

the power return conductors, the con
COmpG L QCllviaivouswwy Radva Gea

s 1 > ecti
cables. Satisfactory performance shall not depend upon ha ving
low impedance bonds between component enclosures and a highly
conductive ground plane.

an

-

33
onduc
went enclosures and any bundle shi

5.3.3. CEO1 Applicability. This requirement is

applicanl

5.3.3.3 CE06 and REQ3. The frequency range specified in
MIL-STD-462 shall be extended to the thirtieth harmonic or 100
gigahertz, whichever is less, for equipment operating frequenC1es
greater than 30 megahertz. Relaxation of these requlrements is

subject to special restrictions (Appendix A, Tailoring
limitations).

5.3.3.4 CS01 Limit. This requirement shall be satisfied
under conditions such that the instantaneous voltage applled to

the equipment is respectively equal to the maximum and minimum
instantaneous voltage limits specified for the load equipment
under steady state operating conditions .

Io B
o

5.3.3. Cs02 and RS03. Susceptibility signals shall have
modulation characteristics (for example, amplitude, type, degree,
frequency, and waveform) which have the maximum effect on the
test sample as shown by analysis. Standard signal generator

modulation characteristics may be utilized if there is no reason
to expect test sample sen51t1V1ty to a unique modulation type.
21
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5.3.3.6 -CS06 Limits. The following spike shall be used:

Spike #1 E; = 200 volts; t; = 10 microseconds +/- 2C percent

5.3.3.7 1 rical Power Sur . Equipment shall
withstand positive and negative input voltage surges which are
sustained for at least 10 and 200 milliseconds, respectively.

5.3.3.7.1 General Surge Response. Eguipment shall remain

undamaged when subjected to step changes of the input voltage
from 0 to 175 percent and from 120 to 0 percent of the nominal
load voltage. With step changes from 0 to 100 percent of the
nominal load voltage the instantaneou sh current shall no
exceed 10 times the average steady-st T

5.2.3.7.2 Surge Response of Essential Equipment.
Essential subsystems and components shall satisfy their
performance requirements when subjected to input voltage step
changes from 100 to 65 percent and from 100 to 130 percent of

nominal load voltage.
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SECTI ON 6
TEST AND EVALUATI ON

6.1 VER FI CATI ON METHODS

Conpliance with systemrequirenments shall be satisfied by a
conbi nati on of systemtests and anal yses based on equi pnent
el ectromagnetic conpatibility characteristics. Definite
equi prent characteristics shall be established by test.

6.2 MEASURING INSTRUMENTS
Mzasuring instruments shall conform to M L-STD 462

6.2.1 Instrumentation Errors.” Requirenments of this
standard shall be satisfied with additional margin appropriate to
i nstrunentation accuracy.

6.2.2 Time Dommin Measurenents. .The_instrunmentation
bandwi dth used for tine donmi n measurements shall be at |east 50
megahert z.

6.3 SYSTEM VERIFICATION

A detailed description of the tests, test nethods, and
anal yses by which the requirenents of this standard are to be
satisfied shall be prepared before perform ng systemverification.

6.3.1 Radi at ed Susceptibility. Except for radio frequency
receivers, sSystem safety nmargins with respect to radiated
em ssions may be established by anal yses based on neasured
equi pment susceptibility data.

6.3.2 Partitioning. System segnents shall be verified
individually. Combinations of'segnments shall then be proven
ponFatible by tests at conductive signal and control interfaces,
including tests for common-node effects. The specified
sensitivity of radio frequency receivers shall be proven by test
at every level of systemintegration.

6.3.3 Lightning. Unless otherw se specified, the o
requirements for conpatibility with |lightning shall be satisfied
by analysis. Tests, if required, shall be conducted in
accordance with M L-STD 1757

6.3.4 Superposition Effects Conpliance with the

requi renent pertaining to superposition (4.10.2) may be shown by
anal ysi s. 2
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56

4 SYSTEM QUALIFICATION

TESTS

&

Qualification tests shall be designed to secure all data
necessary to establish the specified safety margins with respect
to known equlpment susceptlblllty characteristics. The
sxmplltlcatlons appllcable to ana1y51s (4.11.2.5) are also

aCCEPCaD.Le for uemonstratlng compatlnlllty

£.4.1 Selection aof Test Pointc

Tac+ nATN+e nyenl fav Lha

22 foloP Lol PAVF 201 L 2 S 4 T~ R 53 M A AN g © 4TOL pPULIILO UOTU LUL Lle

validation of the electromagnetic comp vatibility safety margins
(4.10) during the system test shall be selected from the circuits

involved in all mission critical functions. Tests and analyses
shall be performed to determine the applicable degradatlon

criteria. (4.10.1). The points selected shall be the minimum
number that adequately demonstrate the required margins for
subsystems of the system, and shall be subject to the approval of
the contracting officer. .

6.4.2 Category I and IT Functions. Safety margins for
category I and II functions shall be established by direct
measurement of extraneous emissions at conductive interfaces,
including those introducing common-mode effects. Freedom from
extraneous responses by radio frequency receivers shall be shown
directly by test.

6.4.3 Category III Functions. Category III safety margins

may be demonstrated by freedom from anomaly for all system
operating conditions.
6.4.4 Test Conditions. The yst " "

s em te
shall be as nearly identical to the operat
is practical, while yet providing for access to the ports at
which measurements are required. The test shall include all
operating modes. The effect of departures from the operatlonal

configuration shall be addressed by analysis.

t conf
onal c

H' 0

6.4.5 Acceptance Criteria. Acceptance criteria shall be
established for each category I and II fu inction. If the safety

= sese =L LT

margin cannot be demonstrated by the resu 1ts of a single direct
measurement, that allowable for each of the several or more ports
involved shall be allocated and defined.

A Valad dexid. B Tad I 2d = o Tag
6.5 SYSTEM ACCEPTARCE TEST

'.
requlrements for bondlng (5. 2 4), electrlcal power subs
referencing (5.2.3), plus the limits on power quality (5.2 10)
Additional tests shall be performed to reverify the safety margin
for any category I or II function for which the margin required

£ o = — o = 1 —_—= A = = L

IOT qualixlcatlon has not been demonstrated.
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6.6 EQUIPMENT TESTS

Conformance to the requirenments of this standard shall be
demonstrated by test. Test methods and the allocated perfornance
degradation limts shall be defined before performng equipnent

tests.

6.6.1

ria. FEquipnment shall conformto the

_ Accept ance Criteria _
performance requirements for ground or vehicle equi pnent, as
applicable (5.3.1, 5.3.2 or 5.3.3). Equipnent shall not exhibit
anomal ous behavior or part degradation when subjected to the
specified susceptibility tests.

6.6.2 Equipment Qualification Tests Qualification tests
shall cover all equipnent performance requirenments .

6.6.3

Equi prent which fail to

Equipment Acceptance Tests
conformto any qualification requirenent, and for which a waiver

was granted,

shall be retested to that requirement as a part of

acceFtance tests to ensure that production variations do not

i nva

idate the justification for granting the waiver.

6. 7 EQU PMVENT TEST METHODS.

6.7.1

manual shal

General. Test nethods for requirenents in the NTIa
conformto the nethods of the NTIA manual ,

M L-STD-449, or ML-STD-462. Test methods for requirements

speci fied by
M L- STD- 462.

M L-STD-461 shall be in accordance with

The test nmethod for electrostatic arc discharge

susceptibility (5.3.3.10) shall conformto this standard

. (6.7.2).

nmet hods for other equipnment requirements (5.3.3.7, .

5.3.3.8, and 5.3.3.9) shall be established by the contractor.

6.7.2 Electrostatic Arc D scharge Susceptibility The
test setup shall simulate the operational wiring and grounding
schene.  The equi pnent under test shall be bonded to the ground
pl ane by the same nethod used for the vehicle installation. For
synchronous orbits, a pulsed discharge, at a pulse rate of 1 per
second for a period of 30 seconds, shall be established at a
l evel of 10 kilovolts and at a distance of 30 centineters from
each exposed face of the test sanple. The test shall be repeated
by one of the follow ng methods:

a.

Using a direct discharge fromone test electrode to
each top corner of the test sanple for equipnent
exposed to the direct space environment: e.g.,
external to a shielded space vehicle.

Inpressinﬁ the series current fromthe arc-discharge
t hrough the nDpntln? surfaces of the test sanple

for equipment installed within a shielded space

vehi cl e. ’x
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If test sample failures are observed at 10 Kkilovolts, the
voltage level shall be decreased to the point where satisfactory
equipment operation is obtained, and that I|evel noted. For
orbits other than geosynchronous, the applicable test voltage
shall be determined as part of the system evaluation of 4.11.
Figure 1 contains a suggested arc source schematic capable of
establishing the minimum required voltage and arc discharge. Any
other equivalent type of circuitry may be used and shall be fully
described in the applicable electromagnetic compatibility test
plan. The energy dissipated should be equivalent to the maximum
energy storage capacity of storage elements subject to
electrostatic charging. The energy levels in Figure 1 are given
only as minimum values for equipment testing, and may not be
adequate for full system level testing.
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Figure 1. Schematic Diagram of Arc Source
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APPENDI XA
APPLI CATI ON | NFORVATI ON

10.  SCOPE

Thi's appendi x contains information for use in the application
of this standard by an acquisition activity. Its use is optional.
20. REFERENCED DOCUMENTS

The follow ng docunents are technical references which may be
useful during the inplenmentation of thisstandard:

20.1 Governnent Docunents, Drawings. and Publications.
SPECI FI CATI ONS

M L- E- 6051 El ectromagnetic Conpatibility
Requi renents, Systens

HEADQUARTERS; Al R FORCE SYSTEMS COMMAND

AFSC DH | -4 Electrorra'_%netlc Corrpatlblllty
Desi gn Handbook Series |-4)

(This document is available from ASD/ENES, Wi ght-Patterson
AFB, OH 45433-6503.)

ROVE Al R DEVELOPMENT CENTER, Al R FORCE SYSTEMS COMMAND

RADC-TR-73-217 Met hod of Monents
RADC-TR-73-324 Anal ysis of Nonlinear Systems with
Multiple Inputs
RADC-TR-74-342 I ntrasystem El ectromagnetic Conpatibility
. Program  Dec. 1974, (3 vol unes)
RADC- TR- 76- 101 Application of Milticonductor

Transm ssion Line Theory to the
Prediction of Cable Coupling, (8 vol unes)
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Intrasystem Electromagnetic Compat
Program, Feb. 1982, (IAP) Model

Improvement

|H
lH

SPACE DIVISION, AIR FORCE SYSTEMS COMMAND

SAMSO-TR-~75-44

Static-Electricity Analysis Program,
Oct. 1974
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nt 3 June 1985
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(These documents are available from the Defense Technical
Information Center, DTIC-FDR, Cameron Station, Alexandria, VA
22304-6145.)

AIR FORCE.GEOPHYSICS LABO
AFGL TR-79-0082
AFGI. TR-81-0270
(These documents a
Information Center.)
NAVAL RESEARCH LABORATORY

>

|
o

Reduction of Spacecraft Charging Using Highly Emissive
Surface Materials; Effect of the Ionosphere on Space and

Terrestrial

K. Yates. (Naval
/IMTT # ANANAR201 )
\U.L.L\.' w ﬂUnVUUl—JL/

Systems, by A. G. Rubin

, P. L. Rothwell, and G.

Research Laboratory, p. 313, 1578)

(This document is available from the Defense Technical
Information Center, DTIC-FDR, Cameron Station, Alexandria,
22304-6145.)

N

GQ

.

naQ

2

B

Cooper and
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1t, Rhinehart and Winston, New York,
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R. Morricsen "Grounding and Shielding Techniques In

Instrumentation,* Wiley, New York, 2nd
edition, 1877.
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oise Reduction Techniques in ectronic
Systems, " Wiley, New York, 1976.
P. R. Satnnard, Validation of the NASCAP Model Using
I. Katz, Spaceflight Data; AIAA Meeting Paper
L. Gedeon, (Reno, Nevada), Jan. 1982.
J. C. Roche,
A. G. Rubin, and
M. F. Tautz
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40.1 General Description. This standard is intended
primarily to identify the requirements which describe the
technical characteristics of the end item. Since tailoring of

the gquantitative performance requirements is often necessary or
desirable, it also includes requirements for the analyses needed
to validate those ghanges,

40.2 Intrasystem Analysis Program. This standard has been

structured to make best use of the developments which have been
realized from the DOD Intrasystem Ana1y51s Program. These

benefits include improved analytical methods and programs for
computer analysis. The analysis programs described in
RADC-TR-74-342 and RADC-TR-82-20 are suitable and well documented

40.3. Analytical Methods. The methods presented in the
applicable and the referenced documents are representative of the
current art pertaining to the topics covered. Accordingly, they
may be used as cr1ter1a for determining the adequacy and

-4 ~dthaA . Y. |
acceptability of any methods used.

50. DETAILED INFORMATION

50.1 Open Requirements. The following items are not
specified in this standard:

a. Uninterrupted operation during lightning strikes
(4.6).

50.2 Equipment Requirements. Vehicle equipment developed
for different programs may be inherently incompatible because of
the long standing practice of establishing program peculiar EMC

1
w
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requi rements. \Wien acquiring equipment intended for use in a
space system but to be supplied as governnent furnished

equi pnent, relaxation ofstandard equipnent requirenments shoul d
be avoided. For some space vehicles, reduced radiated em ssion
limts (REO2) nmay be required. These reduced |imts nust be
specified for such acquisitions.

50. 3 anguter Pr%?rang The best available anal ytica
met hods may be secured by a'contract requirement for use of the
Air Force standard Intrasystem Analysis Program (1 AP). To

preserve the benefits of standardization, the contract
requi renent shoul d prohibit unauthorized changes in that program

50.4 Tailoring Quiidance.

50.4.1 Tailorina Limtations. Certain provisions of this
standard (5.1) and ML-STD-461 (CE06) cannot be nodified bel ow

the limts specified by the National Tel ecommunications and
Information Admnistration (NTIA) unless a witten waiver of
those limts is obtained from NIIA

_ 50.4.2 Self Tailoring. Conptehensive self tailoring is
incorporated within this standard in the follow ng ways:

a. Requirenents to be nmet only if specified by the
contracting officer (50.1).

b. Requirenents of limted applicability (4.7, and 4.8)

c. Equipment requirenents in accordance with the
classifications of ML-STD 461
d. ?rovifion for program peculiar conmpatibility limts
4.11).

50.4.3 Tailoring for Cost Effectivity In its conplete
form the standard is designed to systematically limt the risk
i nvol ved in devel oping an acceptable system design: one
characterized by definite and reliable safety margins. Further
tailoring to reduce these requirenments introduces uncertainties,
in both the devel opnent and operations phases and may or may not
be cost effective. Tailoring should be based on the m ssion
criticality of the systemto which it is applied, with
recognition of the attendant risk

50. 4.4 Tailoring Based On (riticality of Function The
applicability of the standard may be reduced by applying strict
limts to the definition of mssion critical functions (4.9), or
by omtting one or nore of the requirenents for safety margins.

A4
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60. DATA REQUI REMENTS

This standard does not require the preparation of any plans
or reports. M L-E-6051 should be used to require an
el ectromagnetic conpatibility program  The data nornall ?/
ity

required for delivery under an el ectronmagnetic conpati bi
program incl ude:

a. Frequency allocation and assi gnnent

b. System EMC Pl an

c. Subsystem EMc Pl an

d. System EMC Test Plan

e. Subsystem EMc Test Plan

f. Test reports, general
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